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CONTACT RES I STANO (34 C A R B I D E  CONTACTS 

BSTRACT: Referring S i c - S i c  contact 
c h a r a c t e r i s t i c s ,  pot an electron i n  S i c  sur- 
face is discussed and volt-ampere cha rac t e r i s t i c s  of S i c - S i c  
contact a r e  derived for  w h i c h  t h e  existence of both space 
charge and oxide layer is considered. I n  order  t o  avoid t h e  
t u n n e l  1 ing mechanism of t h e  current  flow, assumptions a r e  
made tha t  t h e  potent ia l  of t l a t t e r  is nearly equal t o  
tha t  of t h e  former, I$,, and 
through these ba r r i e r s  is described by diffusion theory. 

e motion of t h e  e lectron 

I n t ro du ct i on 

Attempts have been made t o  explain the  nonl inear i ty  o f  the  s i l i c o n  carbide 
contact res i s tance  by a number of the0 
these explanations is  t h a t  the  poten t i  
s i l i c o n  carbide (Sic) is higher than t 
bulk of the S i c .  

t i c a l  arguments. The bas i c  point  i n  
of t h e  oxide f i l m  on the  surface of  
thermal energy of the c a r r i e r  i n  the  

The calculat ions a r e  then based on the  assumption t h a t  the  
current  is  ca r r i ed  through t h i s  t h i n  f i l m  by t h e  c a r r i e r  passing through it 
as a r e s u l t  o f  t h e  tunnel effect [l]. e contact res i s tance  is assumed t o  
be t o t a l l y  dependent on the thickness o the  surface f i l m ,  but the calculated 
res i s tance  is completely inconsis tent  w h empirical measurements o f  the f i l m .  
I t  has been recent ly  proposed t h a t  there  is  a space charge l aye r  present on 
the  f r ee  surface of  the  S i c  which is dependent on the  surface s t a t e .  Calcu- 
l a t i o n s  based on t h i s  hypothesis have been presented f o r  the  cases where t h e  

a r r i e r  crosses t h i s  b a r r i e r  thermally, [ Z ]  , as well as f o r  those i n  which the  
r r i e r  crosses as  a r e s u l t  of the  tunnel effect. These theor ies  f a i l  t o  take 
t o  consideration the  presence of  the oxide layer ,  which has been c l ea r ly  

defined by e lec t ron  d i f f r ac t ion .  In the present  study, S i c  surface po ten t i a l s  
pave been postulated from a study of metal-Sic contact po ten t i a l s ,  and the  
pFfects of  oxide l aye r  thickness on surface res i s tance  changes i n  s i l i c o n  

gerived from these r e s u l t s .  
, ‘I Farbide, and the  voltage-current cha rac t e r i s t i c s  of a Sic-Sic contact have been 

)-The Materials Research Laboratory, Fuji  E l e c t r i c  Manufacturing Co. Ltd. 
/--The present manuscript was presented as a l ec tu re  t o  the Electrochemical 
-Society i n  1967 
Numbers i n  the  margin ind ica te  pagi n i n  the  foreign t e x t .  
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!2. ".... Con t a c t  Character is t ics  
I" 

The materials used f o r  the  re black S i c ,  green S i c ,  and 
i C  c r y s t a l s ,  the  i n t  ances of which were 0.1, I. 

L 4 - 10 aqd 10 ohm cm, respec 
$ 

W 
1 

. 1  Metal - S I C  

- 

:.during r e c t i f i c a t i o n  depends on t h e  work function d i f f e r e n t i a l  Q,o between the 

metal and the semiconductor as i n  the  formula exp (+o/kT). 

r r e n t  is  af fec ted  t o  a considerable extent by the work function f of  the 
metal while the Q, 
t i o n a l  t o  the  width of  t h e  forbidden band. 

cation charac te r i s t ics  as determined b 

When semiconductors and metals a re  brought i n t o  contact they both maintain r 
v ,equally high Fermi leve ls  i n  an equilibrium state.  Thus, t h e  e l e c t r i c  current 

Accordingly, t h e  

d i f f e r e n t i a l  i n  n and p types of S i c  is generally propor- 0 
Table 1 gives the  Q,, and r e c t i f i -  

TABLE 1. Sic-METAL CONTACT POTENTIAL AND RECTIFICATION 
CHARACTERISTICS OF SIC DIODES 

I 
I I t  is evident from t h i s  t a b l e  t h a t  there  are no differences i n  Q,o o r  i 

r i a t i o n s  i n  the  current which can be a t t r i b u t e d  t o  the  metal and it i s  
ear ly  apparent t h a t  the 

t 

i 
i 

d i f f e r e n t i a l  o f  n and p type S i c  i s  much too 

I t  would 
! -  

I i 
? m a l l ,  given the  width of t h e  forbidden band (AEG = 2.0eV) [4 ] .  
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herefore be appropriate t o  consider-that a s c h o t t k y  b a r r i e r  is formgd by a 

apped charge on the  f r e e  surface of the S i c  i n  the same manner as occurs i n  1 
i, Ge, e tc . ,  i n  a similar s u r f  l e v e l  may be accepted a 

0.5 - 0.6; eV.  
i .  

2,2 SIC-SIC 
t 

The surfaces  o f  the  test  material ere abraded with # 220 G.C.  grain,  then 
fur ther  polished with an o i l s tone .  

Specif ical ly ,  a V-shaped c r y s t a l  with a base width 
o f  0 .3  - 0.4 cm and a height o f  0.5 cm was brought i n  contact a t  a constant 
pressure with another Sic  p l a t e  (basal 0001 p l a t e ,  0.5 x 0.3 - 0.4 cm2) for the 
purpose of making t h e  measurements. 

2.2-1 p TYPeCL c -  Plate-p Type B . C .  Point 

Point contacts were used and s i l v e r  pas te  
sl 

s used i n  the  electrodes.  

The V - i  c h a r a c t e r i s t i c s  were measured by the  s ta t ic  method. A l l  contacts 
were of  the  rect i f ier  type as shown i n  Table 2 .  
r e c t i f i c a t i o n  was somewhat lowe: when m 
v i r t u a l l y  t h e  same r e s u l t s  wera obtained i n  both cases.  

Except f o r  the fact tha t  
ed i n  place of B.C. ,  /604 

TABLE 2 .  C L * C .  PLATE-B.C. AND 

METAL POINT CONTACTS. 
. .  

. .  
. . . .  

0.5 1 X 0 . 5 - 1 . 5 ~  10-3 
1 6x 10-8 2-7X 10-8 
3 8.6x1OF2 2.6-9.62.10-2 

v b  i s  p A  
0.6x10-3 j 1.6-5x10-3 

10 6x10-a j 1.35-3.6x10-' 
20 ' 1 6 . 2 ~ 1 0 - *  ' I 1 . 1 - 3 . 5 ~ 1 0 - ~  

4 

I 

If the presence o f  a space charge b a r r i e r  is given, as suggested i n  
hection 2 . 1 ,  v i r t u a l l y  a l l  of the voltage drop may be taken as occurring on the 

. It 5 

h a r a c t e r i s t i c s )  shown i n  Figure  1 
e r e  obtained. 

23 



- - ~ ~ -  _I _ -  - " "  - _I " " _ I_ (  - --- ^--I 

A s  has been s t a t e d  above, the width o f  
the forbidden band i n  the case of S i c  

-3e la t ive  t o  the  increase i n  kT. 
r a t i o  of  t h e  minority car 

carrier concentration : 
_ -  

-a 

11. On t h i s  bas i s ,  it is  
h believed t h a t  the current flows through t h e  

contact boundary as a resu l t  o f  the process 
combination [SI. 

2.2.3 R Type G . C .  - n Type G . C . ;  p Type 
B.C.  - p Type B . C .  

t e r i s t i c s  o f  p-n Type S i c  
Contact a The V - i  c h a r a c t e r i s t i c s  are usually 

w r i  
The value of  n ,  however, var ies  with t 
for B.C.  and G.C. Our measurements fo - B.C.  contact were: 

= AVn i n  t h i s  type of contact. 
d voltage and i s  a l so  d i f f e r e n t  

.... 

In  the case of a G.C. contact,  they were: 

An impulse voltage of the order  of 20 1 ~ .  s was read a t  the higher current 

Variations i n  ' C y t a c t  Resistance as a Func t ion  of .Oxide F i l m  Thickness 

A s  indicated above, it has become apparent t h a t  t h e  space charge b a r r i e r  
must be taken i n t o  consideration i n  any discussion of Sic-Sic contact.  
khe other  hand, a la rge  number of e lectron d i f f r a c t i o n  images show t h a t  t h e  
burface of the S i c  i s  covered with an oxide f i l m  (amorphous quartz) [6]. 
is possible t o  determine the mechanism by which the c a r r i e r  passes through 
'@is oxide f i l m  by determining the  var ia t ions i n  contact res i s tance  as a func- 
kion o f  the  f i l m  thickness 6. Accordin l y ,  the  correlat ion between contact 

s i s tance  R with varied Si0 f i l m  t h i  nesses,  secured through the  applica- 

On 

I t  

i 

C 2 o f  surface treatment, was invest ig  ed a t  low voltages (within the l i m i t s  
which i i s  proprotional t o  V). 
stals are large,  the  measurements 
der which was packed i n t o  a 30 mm4 

Since the  individual deviations i n  s ing le  
ade using 20 grams of # 100 B.C. 

der  100 kg/cm2 of pressure.  The 

eviations were within '10% OT less. e 6 < 3 X when the  S i c  surface 

i--. -____ I -I _. ..1_..1- ................. li. . . . .  ..- ,_ . . . .  " ... _....."....._.."I "-.....--..-- 
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etched with hydrogen f luor ide ,  it wad postulated tha t  6 = 10-8cm. Tne 6 fo r  
of  weight increase when the  

d a r e  given i n  Figure 2.  

gure 2 ind ica tes ,  cons 
were present  when 6 w 

, but at thicknesses of 10m6cm 
o r  more a f u l l y  proportional cor re la t ion  
between R and 6 was maintained. The form 

‘of the  e l e c t r i c a l  current  through t h i s  
l aye r  is control led by t h e  magnitude of 

t he  conduction band has an e V  severa l  
times grea te r  than t h a t  of t he  S ic ,  the  
b a r r i e r  t r a n s i t i o n  of the  c a r r i e r  m u s t  be 
caused by the  tunnel e f f e c t .  If t h i s  is 
the  case then the  V - i  cha rac t e r i s t i c s ,  

-T - & - 

. t he  Si02 l aye r  po ten t i a l .  If t h e  base of 

a r e  [SI+---- 
~~ 4 V3K ~ 6 i F e n o l / k ~ / 2 ~ ~  exp [ - ~ - Resistance With the Thickness o f  3E eV 

igure 2 .  Variation of Contact 

1 x (9%,f3/2- ($O’-eV)3/2) 
ip 

In the  above equation, no is t h e  f r e e  

Oxide F i l m .  

c a r r i e r  densi ty  i n  bulk of t he  S i c  and 4, i i f fe rence  between t h e  

r k  function of  t h e  S ic  and the e lec t ron  aff i  the  oxide f i l m .  Accord- 
gly,  the current  a t  low voltages such as tho ed when 4, % eV drops 

w-ith the  reduction i n  8 as: 
-~ ~ 

1 exp [--.-1/2n2+0f6 2 = 1 0 - s . s X i o 7 a  
I 

I 

However, t h e  r ap id i ty  o f  such a change 
empirical da ta  shown i n  Figure 2 .  
, to ta l ly  -~ unrelated t o  the  tunnel e f f e c t ,  

completely inconsis tent  with the  I 
We b ieve t h a t  the  form of the  current  i s  

u t  t ha t  $o is small enough such t h a t  

phe carrier is  able  t o  pass through the  f i l m  as a r e s u l t  of thermal energy 
p f fec t s .  5 

Mott [9] has shown t h a t  a considerable current  w i l l  s t i l l  flow between /605 
metal and t h e  insu la t ing  mater ia l  eve ough the  f i e l d  is  qu i t e  weak. Our ! - 
oblem can be considered i n  the  same t as those suggested by Mott, when I 

i 
- ~- ~-~~ ____ @re is no space charge ~~ l ayer .  

~~ -- 

“ 1  

I 
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For the  purpose o f  s impl ic i ty  l e t  ys consider n-type S i c .  If one of the  
<SiC-SiO contact po in ts  i n  a Sic-Si0 -S1C contact is se lec ted  (see Figure 3a),  2 2 
t he  magnitude of  t he  po ten t i a l  i s  

2re2 
' K T  e { . c'kT 1 $o=Q*'+-log cos- 

4 

In t h e  above equation, ng is  the  e lec t ron  densi ty  within the  oxide f i l m  

when x = 0 and k '  i s  the conductance of  t he  oxide f i l m .  

Figure 3a. Energy Level Diagram Figure 3b. Energy Level Diagram 
f o r  a Grain Boundary a t  Equilib- 
rim. Applied Voltage Va. 

f o r  a Grain Boundary Under an 

We m u s t  a l s o  take the space charge layer  i n t o  consideration. As s t a t e d  
i n  Section 2 . 1 ,  the po ten t i a l  a t  t he  S i c  f r e e  surface is j u s t  @, higher than 

the  po ten t i a l  i n  t he  bulk o f  the  S ic .  
s idered separa te ly ,  @, is higher  by j u s t  t h a t  amount due t o  the  Schottky 
b a r r i e r .  

Then, i f  these three  b a r r i e r s  a r e  con- 

x 2 (w - 8/2) /cos - 
t dkT 2 

~ -~ ~- .- 
_ _ ~  _ _  - -~ 

~ _ _ .  - - 
In order t o  obviate consid e- tunnel e f f e c t ,  l e t  us assume t h a t '  

19 -0 /kT = 10 10 cm -3 
= 0.  Since i n  t h i s  case it is  probable t h a t  ng i s  10  e 0 

en @o = 0.55eV: 
~ - -  ._  

- - - [ (x  e?/xfh . .  10-5 c m  - 

41n t h i s  instance s ince  x = 6/2, the  boundary conditions were such t h a t  t he  
f i e l d  equalled 0 ,  t h e  cGnditions a re  s l i g h t l y  d i f f e r e n t  t o  those applied by 
Mott. 



The surface poten t ia l  of Si33 

g assumptions are made f o r  t h i s  pu 

from Sections 2 and 3 
,a w ca lcu la te  the V - i  c h a r a c t e r i s t i c s  

* I a. There i s  a Schottky b a r r i e r  i n  t h e  free surface of  the  S ic .  

b. The magnitude of the poten t ia l  of the f i l m  on t h e  surface of  t h e  S ic  
* s  as high as the  Schottky b a r r i e r .  

c. The c a r r i e r  passes through the  e various b a r r i e r s  i n  accordance with 
the diffusion theory. The diffusion theory is applicable when t h e  mean f r e e  
path of  t h e  c a r r i e r  is  low r e l a t i v e  t o  the  thickness of  the b a r r i e r .  
nuclear densi ty  of the  impurit ies i n  B.C. and G.C. i s  of the  order  of 

The 

17 -3 10'' - lo1' and 10 c m  respec corresponding mobil i t ies  a r e  
-6,  and -80 cm'/volt-sec. 

through the Schottky layer  a r e  -4 x 10- c m ,  and 4 x lo-' and 

5.5 x c m ,  respect ively.  These V a l  s f a l l  within the l i m i t s  i n  which 
t h e  diffusion theory is applicable but ay a l so  be defined i n  
terms of the Schottky layer .  I t  i s  -als the same mobi-lity may 

be assumed i n  oxide layers of over l o m 7  

The poten t ia l  is then measured u s i  
contact points as the  base. An e l e c t r o  a 
is  given i n  Figure 3 based on t h i s  mode face state i s  formed by the 
negative space charges (-9) i n  t h e  spa y the  electrons,  while the 

hottky b a r r i e r  is  formed by the posi arges (+q) i n  the  space 
charge region on the f r e e  surface of t 
Schottky b a r r i e r  may be derived by the appl icat ions of Poissonls equation. i . e :  

On t h i s  bas i s ,  the thickness and the mean f r e e  path 

and 7 x 

r ier  apex with one of t h e  
iagram a t  a voltage V 

ji potent ia l  drop i n  the 

vi- 2 ~ e N 1 ~ ~ / k  
Vs- --I Vz= -2neNt3?/c 

e t o t a l  charge of  t h i s  b a r r i e r  i s  c lear ly :  
- 

Q = e N(1, -I- 1st 
~ ___ 

l so  the  poten t ia l  drop i n  t h e  oxide layer  with a current of  i is:  

I 
(3) i 



the  e lec t ron  mobil i t  oxide l aye r  and n is the  B 
the  l e f t  s i d e  of  the"  &ry. Since 6 -4 xo when 

-8 
= 10 - cm, equation (4) anged and approximated s o  

t is  therefore  possible  t o  der ive from equations ( l ) ,  ( 2 ) ,  (3), and (4 ) '  t h e  
e la t ions  

. In order  t o  der ive the  V - i  act we may solve the  problem by 
considering th ree  separa te  b a r r i e r s  under s e r i e s  current  conditions. 
accordance with the  d i f fus ion  theory, the  current  densi ty  i n  the  l e f t  s i d e  
b a r r i e r  is:  

In 

e re  El is t h e  e l e c t r i c a l  f i e l d  at t h e  apex o f  the  b a r r i e r ,  no is the  free 

ectron densi ty  i n  the bulk of  the S i  

When xo S 6 ,  t he  e lec t ron  densi ty  

L = Q/eN and 6 = aeNL2/2k. 

t the  apex of both of  the boundaries a 

s equal and the  current  i n  t h e  Schott b a r r i e r  on the  r i g h t  s i d e  can thus be 
a l c h a t e d  i n  the  same manner as above;- and i f  it i s  given-that both a re  equal 
hen, f o r  -(V3-V2) + V1 S kT/e 



then  t h e  current  is:  1 

The subscr ip t  "0" above ind ica tes  en va = 0, while 5 repre- 

i n  Q as a function of V 
a t ton  121 pos tu la tes  twoa 

donor type and the  o ther  of 

s en t s  the  conductance of  S ic .  

I t  is fu r the r  necessary t o  know t 
i n  order t o  determine the  V - i  characte 
types of  surface states, one of  which 
which i s  a f i l l e d  acceptor type s t h a t  the former absorbs 
t h e  electrons which pass throug 
terist ics are int imately dependent on n Q:V f u l l y  adequate 

r e s u l t s  cannot be obtained. Since we unable t o  der ive a cor re la t ion  on a 
theo re t i ca l  bas i s  w e  w i l l  attempt the  

The value f o r  +o may be obtained between equation (8) and 

the  current  at  low voltage.  Since the is -10 c m  , t h e  value 
sought i s  on the  order  of 9, = 0.55eV is  value is  qu i t e  con- 

s i s t e n t  with the height of the  Schottk mined  i n  Section 2 . 1 .  

ver, s ince  the  V - i  charac- 

a '  

vat ion described below. 

-6 2 

a. Case of 6 = 0.  

This condition corresponds t o  the  surface o f  t he  
S i c  is etched with hydrogen f luor ide .  
as : 

t h i s  case,  equation (7) i s  s impl i f ied  

This is t h e  same as  the  equation derived from Taylor, e t  a l .  [ lo ]  f o r  a Ge-Ge 
contact.  

i ;- When Q maintains a constant value independent of Va, and Va = V = 

4 ~ $ ~  = 2.2  v o l t s ,  then the peak i n  the  p4 ten t i a l  disappears. Further, if $I 

Bdways maintains the  v ease concurrently with V as 

I C 

a 
1 

. ^  -"- ....-I-xx-- 
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-W1-t-vu~@o) and current  sa e a t ta ined .  These theo re t i ca l  

r e s u l t s  "io not  i n  any, way agree ical  measurements. 

now assume t h a t  t he  cor re la t ion  between V and Q is: a 

B, 

en l e t  us derive 13 from t h  i c h  the  peak on the  r i g h t  s i d e  
"7 

Since the  B calculated i n  t h  than 1, then a w i l l  never 
equal 1 when V = 0 .  Accord o make gradual adjustments a 
from the  point  a t  which a = 

u n t i l  Va = 0. 

i n  F igure  4 .  

vC) ( the value when Va = 

The c o r r e l a t i  ta ined i n  t h i s  way is  given 

b. Case of 6 = 6 

As shown i n  Section 2.2.3, the  
ce i n  S ic -S ic  s h i f t s  from 
i c  i n  the v i c i n i t y  of 
In accordance with our 

/607 

phenomenon can be 
derived from equation (7) and (8) and the  
in f l ec t ion  voltage Vi w i l l  be: 

0 4 0 6 0 ~ 1  E 4 6 810 20 40 h n ~ j f l  

Apph'd voltoqp, d t . s  

(11) \ Vi=ago p / p r   LO 
Figure 4.. Variations of Total  
Space Charge With Applied Vol- 
tage  (by eg. (10) and (12)).  In our  t e s t  samples: 

-- -- -I-- 

@0=0.5-0.6 eV 
L O = ~ / ~ # ~ K / Z N ~ = S ~  10-7 for B .C. 

= l W 5  for G.C. 

__I 

I (10) 

en V i  = 0.5 v o l t s ,  then (p/p1)6 = 1.8 X - 2.3 X cm.  Since the  value 

Since these values a re  not  completely accurate ,  it 

-7cm of 6 on an untreated surface is  3 - 4 X 10 , then p/pl = 1 / 2  - 5 may be . 
obtained f o r  B.C .  and G.C. 
was accepted f o r  the purposes of  Figure 5 and Table 3 t h a t  p = p' . 

*- 

i 
Since the  terms o ther  than the  expdtent ia l  terms i n  equation (7) a r e  

P i r t u a l l y  constant with respect  t o  

t r o l l e d  by t h e  current ,  the  V - i  cha 
3~ follows when 6 = 0 and a i s  known. 

d only the expotent ia l  terms are con- 

ist ics may be derived very simply as 
when t h e  voltage f o r  a given . 

l _ - l  I- 

.--- 

i 
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urren t  i corresponds t o  6 = 0 and 6 = 6,  the  conditions may be  respec t ive ly  
r i t t e n  as (Va)6 - and (Vo)6 e l a t ed  as  follows: 

1 

I 
I - 

4700 i 200 
5600 50 
6000 1 28 
6500 j 17 
7200 1 .  10 
8500 1 3 

i 10500 ' 1.5 
0.3 12500 , 

~ 

e as may be r ead i ly  proven by equations (7) and (9). 
changes i n  a as a function of  Va as derived from equations (10) and (12). 

Figure 4 is  a p l o t  of t h e  
The 

V - i  cha rac t e r i s t i c s  derived from an in tegra t ion  of t h i s  p l o t  with equations (7) _I 

30-25 
20-17 
10- 8 

- 4  
2.5-1.7 

and (9) i s  given i n  Figure 5. 

TABLE 3.  V - i  CHARACTERIS ICs OF AN S i c  BONDED DISK 
AS A FmCTION 

- . -  

(volt) 1 (Amp) I MP (106ohm) 
*&-=3000Y I 7"=100iT 

0.04-0.06 
0.05-0.08 
0.10-0.20 

, '  0.20-0.30 
0.25-0.45 ' 

0.04 
0.10 
0.15 
0.20 
0.26 
0.40 
0.60 
0.80 

6000- 6300 
6300- 6500 
7100- 7300 
8200- 8500 

10500-11000 

5.1 V - i  Character is t ics  i n  t h e  Low 
Voltage Region 

I t  was determined experimentally 
t h a t  the  Sic-Sic contact has an ohmic 
contact res i s tance  under an applied load 

(Untreated of - 0.5 v o l t s  o r  l e s s .  A current  
contact ) r e su l t i ng  from t h e  tunnel e f f e c t  tends t o  

lo-' I 10 10' /;J 1;. /A3 /;6 become sa tura ted  when the  voltages a r e  a t  
about t h i s  leve l  and, i n  accordance with 
our hypothesis, the  current  i s  propor- 

I I I I , ,  

Current &nsity (Amp./cm') 

gure 5. Theoretical  V - i  Charac- t i o n a l  t o  voltage a t  V i  o r  l e s s .  Further 

i s tance  as a function of  oxide 

. ,  
erist ics as a Function o f  the  
hickness of Oxide F i l m  (by e .q . s .  
71, (8) and (91). ess  a re  proportional t o  6 ;  a 

the da ta  given i n  Figure 2 .  These var ia t ions  a l so  appear concurrently with 
changes i n  the  type of Schottky b a r r i e r .  However, when oxidized S i c  i s  etched 
with hydrogen f luor ide ,  t h e  res i s tance  value i s  i a t e l y  res tored .  I t  
therefore  appears qu i t e  i n  order  t o  conclude t h a t  
only on the changes i n  6 .  

(8) shows, t he  changes i n  

- - - _ -  - - ~~~~ __ conclusion which is qu i t e  consis tent  with 

e changes a re  dependent 

_ _ ~ -  ___-- - _ _  ~~ ~~ - - - -~ -- . " 
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In  accordance with t h i s  t h  increase i n  proportion t o  t h e  

creases i n  6 but t h e  changes uch re la t ionship  i n  p rac t i ce .  
when 6 is r e l a t i v e  calculated current  i n  the  

asured V - i  characte 

-which occurs as a resu l  
c ne1 e f f e c t  (current is relat  

n t  suddenly rises. We v ia t ions  of the calculated 
r r e n t  from t h e  measure 

a t  the point  at which t h i s  cur- 

'1 

d sample constructed by 
mixing S i c  grain with an appropriate binder  and forming it i n t o  a 25-mm th ick ,  
50 mm-diameter disk.  The motivation f o r  preparing the disk i n  t h i s  way were 
the aforesaid deviat ions t h a t  a r e  caused by the  mater ia l  and the  contact 
conditions when s ing le  c rys t a l - l i ke  mater ia l  i s  used, as  well as the  f ea r  of 
an e l e c t r i c a l  breakdown under mechanic 
a t t r i b u t e d  t o  the in su la t ing  ma 
powder packed in to  an insu la ted  

rical loads t h a t  might be 
ecimens been prepared from 
case i n  Section 3 .  

In t h i s  element, the  number of  S i  nected i n  series was 354 while /608 
t he  t o t a l  horizontal  contact area was 

There have been two recent  repor t  a 
surface s t a t e .  S t r a t ton  [2] holds tha a f 
b a r r i e r  contact s ince  the  s t a t i c  elect b a r r i e r  does not  
vary with changes i n  the  voltage.  However, t h i s  explanation i s  not  s a t i s f a c -  
to ry  s ince  it i s  not l i k e l y  t h a t  a b a r r i e r ,  s imi l a r  t o  t h a t  created when a 
s ing le  c rys t a l  is  s p l i t ,  i s  formed i a t e l y  and, moreover, contact resis- 
tances on t h i s  order a re  exac t ly  the 
contact.  
t he  Schottky b a r r i e r  through the  t 
at a value o f  4 
metal-Sic contact as  discussed i n  Section 2.1.  
take i n t o  account the  presence of  the oxide f i l m ,  and ne i the r  provides a 

as those found i n  the  normal Sic-Sic 
olds t h a t  t he  c a r r i e r  passes through 
fec t .  However, t h e  reading of 2.3 eV 

Neither of  the  two explanations 

On the  o ther  hand, Heywan 

, i s  much too high on the  bas i s  of t he  contact po ten t i a l  i n  a 0 

a t iona le  f o r  t h e  increase i n  contact rds i s tance  when t h e  S i c  is  oxidized. 

a t ;  
The changes i n  space charge as a function of the  applied voltage may be 

determined by measurement of the e l e c t r o s t a t i c  capacity.  
S t r a t ton ,  has determined t h a t  the e l e c t r o s t a t i c  capacity remains constant up 
t o  Vi and drops concurrently with t h e  i n  V when V i s  grea te r  than Vi. a a 

Mitchell [6] , unlike 
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